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Simultaneous Determination of Caffeine, Theobromine and
Theophylline in Tea Leaves by HPLC

Sang-Soon Yun, Hyun Kim, Su-Jin Jang, Ho-Soo Lim, Sheen Hee Kim, and Meehye Kim*

Food Additives and Packaging Division, National Institute of Food and Drug Safety Evaluation,
Ministry of Food and Drug Safety

Abstract This study was aimed at investigating the natural occurrence of caffeine, theobromine, and theophylline in tea
leaves. Sample clean-up was based on a simple solid phase extraction (SPE) treatment, and simultaneous analysis was
performed by high performance liquid chromatography (HPLC). This method showed good results in terms of linearity,
recovery, precision, limit of detection (LOD), and limit of quantitation (LOQ). The caffeine, theobromine, and theophylline
contents of tea leaves (n = 228) ranged from 5.4 to 58.2 mg/g, from not detected to 11.2 mg/g, and from not detected to
0.7 mg/g, respectively. The results obtained in this study can be used as fundamental data of caffeine, theobromine, and

theophylline contents in tea leaves.
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Fig. 1. Sample preparation for the analysis of caffeine, theobromine
and theophylline.

Table 1. HPLC-PDA operating conditions for the determination
of caffeine, theobromine and theophylline

Parameter Condition
Instrument HPLC-PDA

(Nanospace SI-2, Shiseido, Tokyo, Japan)
Column Capcell-Pak UG120 C,

(5 pum, 4.6 mmx250 mm L.D., Shieseido)
Mobile phase Methanol:acetic acid:water=

20:1:79 (v/v)

Column temperature ~ 40°C

Wavelength 280 nm
Injection volume 10 uL
Flow rate 1.0 mL/min

71 % EMEY

7121, HleHEN s Hedds FA4517] fste] HPLC-PDA
(high performance liquid chromatography-photodiode array detec-
tor, Shiseido Fine Chemicals, Tokyo, Japan)S AF&-3}omH, £
o ARg-gt AH2 ShiseidoAH(Tokyo, Japan)¢] Capcellpak UG120
Cs 250x4.6 mm, 5um)o|H, o]F ¢S HEE oM EAN 18
I ES 20179 (viv)E At ARSI o|BAte] &S
1.0 mL/min, 28 &%= 40°C, 3 2102 280nm, & &4~
7He 158, A7 FYZFE 10 uLE A 3R THTable 1).
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Fig. 2. Effect of extraction solvents on the recovery of caffeine in
green tea; water, 25% acetone, 80% ethanol, 50% acetonitrile,
methanol.
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Fig. 3. Effect of extraction water temperatures on the recovery of
caffeine in green tea; 70-100°C.
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Fig. 4. HPLC-PDA chromatogram of the standard solution mixture and Pu’er tea leave containing caffeine, theobromine and
theophylline at 280 nm under experimental conditions; (A) standard solution mixture, (B) Pu’er tea leave extraction.
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Table 2. Linearity, limit of detection (LOD) and limit of quantification (LOQ) of caffeine, theobromine and theophylline by HPLC-PDA

Compounds Calibration curve"? r LOD? (mg/kg) LOQ" (mg/kg)
Caffeine Y=10089X+11218 0.9997 0.01 0.04

Theobromine Y=95028X+1813 0.9992 0.005 0.02

Theophylline Y=94932X+2214 0.9990 0.006 0.02

YStandard concentration used in calibration curve ware caffeine 0.05, 0.5, 1, 5, 12.5, 25, 50 mg/kg and theobromine and theophylline 0.005, 0.05,
0.1, 0.5, 1.25, 2.5, 5 mg/kg.

PX: concentration (mg/L), Y: peak area.

JLimit of detection=3.3 &/S.

YLimit of quantitation=10 o/S.

o=the standard deviation of the response

S=the slope of the calibration curve

Table 3. Recoveries of caffeine, theobromine and theophylline in Table 4. Precision of caffeine and theobromine from green tea
rooibos tea by HPLC-PDA leaves SRM 3254"
. . D (o
Compounds Splked(;:)gr}cker)ltratlon Recovery (%) Certification Recovery” (%)
g Mean+RSD (mg/g) Intra-day Inter-day
1 92.5%3.8 Caffeine 23.50+1.85 102.1+1.6 99.1+3.2
Caffeine 10 99.7+3.5 Theobromine ~ 0.460.05 106.52.0 106.52.0
20 101.9+1.6 " -
)SRM 3254: standard reference material (NIST).
0.1 103.3+£7.9 YMean values of triplicates with relative standard deviation.
Theobromine 1.5 102.5+£2.8
3 102.6+3.8

B, woldt, BRel AMARFE fAIOL WA o =

Theophvlli (1); igi'gﬁ'; A AZ=HAT "oz ke =3loA 0.9+£0.7 mglg, T}
copmyne 3 103'5i3' 4 1.6+0.8 mg/g, H.o|A} 2.0i1.1mg/g, $+53 0.8+0.5mglg, F3t

VI r———— ‘ ‘ — 0.8+£0.7 mg/g, W=} 4.3¢3.7 m_g/g, ule] 1.6£1.4 mg/ge] _714_551923}.
plicates with relative standard deviation. Hledel B4 A3 Hit S04 0.003£0.02 mglg, T3 0.1+0.1

mg/g, 2OIZF 0.1£02 mg/g, 53 0.120.1 mg/g, &=} 0.01+0.01

102.1%, Eﬂ}l_i‘ifi 106.5%C19.0H, 3A7F M2 T}E goj] vt mg/g, W= 0.1£0.1 mg/g, FHEl 0.04£0.10 mg/ge] A& = AT
E2alo] 228 A3 710 99.1%, HIQHEZRLE 106.5%Z % Chen 5(18)°] AN = HledAL HAEHA 9;9}3 , Hl
i—é}MB}(Table 4). 2B Zxlo] Holxtel FAfel|A thE Ao H|ste] =A AEEHIA
O} ol AT AFAE WA 7P E=A ZJEHMI ]

Cif & &R 7HQl, HeE=01u Hedl I%:"‘I?I'Eo't ZAL oY Tk v AEHA) olgd A e zols FE
=W 5= = F321, F3) Holk, 83 5 228719 Al Hak Aok A9 zpo] Wit AR AekEn), S ThRoA

EE 795t v F AAfE AEel, E]L__E“U} Hedd = 7HiQl, HeBZvl By £o7 hiue] 25 ¢ F

o] TS ZAIBIATH(Table 5). ¥4 A3 v 7199 TS AT

=2poll A 251465 mg/g, T3 31.8+7.0mg/g, H.olx} 31.7+6.7

melg, B2 25547.0 mgle, B 29.5:7.0 mgg, WA 39.1£9.9 o o

mg/g, PFE 13.7+7.9 mg/ge] AZEHA. o|H gt A3+ Komes &

(15)°] ATAFNNHY T 2ol H]sle] wlERke] Tl A3 2 dAtE i F AR JERIE et e AEA

o] EH—‘?—:‘% AA AE=EJom Wxte] Fd 71l ko] 71 AEE AR AARH 7S, vlBE R, godd i

A AEHAJTE T3 Chen 5(18)2] ATAF e} H3}, $-F3l, < AT =5 ©]&ste ﬂ-rr"gZ' Aoz FEaglon,

Table 5. The contents of individual caffeine, theobromine and theophylline in tea leaves

Caffeine (mg/g) Theobromine (mg/g) Theophylline (mg/g)
Samples No.
Range Concentration" Range Concentration Range Concentration
Green tea 71 6.0-56.2 25.1+6.5 0.1-2.9 0.9+0.7 ND?-0.1 0.003+0.02
Black tea 68 19.8-46.1 31.8+£7.0 0.5-4.1 1.6+0.8 ND-0.5 0.1+0.1
Pu’re tea 38 15.7-46.0 31.7£6.7 0.3-4.6 2.0£1.1 ND-0.7 0.1£0.2
Oolong tea 16 20.0-40.1 25.5+7.1 ND-2.3 0.8+0.5 ND-0.4 0.1£0.1
Yellow tea 12 12.7-35.1 29.5¢7.0 0.2-22 0.8+0.7 ND-0.03 0.01+0.01
White tea 11 26.4-58.2 39.1£9.9 0.5-11.2 42437 ND-0.3 0.1+0.1
Mate 12 5.4-37.7 13.7£7.9 0.1-5.7 1.6+1.4 ND-0.4 0.04+0.10

DThe values are meantstandard deviation.
IND: not detected.
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